Background: Most studies assessing brain-personality mechanisms have used Western personality questionnaires.
Introduction
In recent years, a growing number of studies exploring brain-personality mechanisms have employed the Western personality encompassing NEO Personality Inventory for guidance [1] [2] [3] . However, personality is shaped and formed by an intricate interplay of biological, environmental, and experiential (i.e., cultural) factors and influences [4] . Whether the Western personality inventory can objectively reflect the personality characteristics of people in East Asia, especially in China, is questionable. Many cross-cultural studies have revealed differences in common personality traits between Western and Eastern cultures, suggesting that a single questionnaire may not be feasible for assessing personality traits between two different populations [5, 6] .
The research titled "The yin and yang of neurotrophin action" by Lu has successfully introduced the yin and yang model of traditional Chinese culture to neuroscience [7] . Recently, FPPI has become more popular for studying personality in China, and has been broadly applied in clinical psychology to evaluate the psychological intervention of Chinese groups in many cities such as Beijing and Shanxi [8] . It is based on The Yellow Emperor's Canon, a book of the traditional Chinese medicine (TCM) personality theory, which originates from the Chinese philosophy of yin and yang and its five principles of tai yang, shao yang, yin yang balances, shao yin, and tai yin [9] . These principles are used to characterize various aspects of social behavior and emotional responsiveness.
Yin and yang factors are two main factors of FPPI. Five principles represent the different amount of yin and yang.
For example, tai yang is comprised of 90 percent of yang and 10 percent of yin. The internal consistency reliability of FPPI is slightly higher than 0.7. The construct validity of FPPI is analyzed by structural equation modeling (SEM) and the absolute fitting index RMSEA of the model is 0.03, which shows the construct validity is high [10] . However, the brain mechanism differences of the yin and yang traits in FPPI are unknown. The yin and yang traits can be reflected well by typical yin and typical yang personality individuals, respectively, because of high scores in corresponding traits [11] .
for identifying group diff erences in the connectivity strength of interconnected brain regions [18] . Herein, nodes represent brain regions and edges represent the statistical correlation in fMRI signals between brain regions [19] .
In addition, the frequent subgraph mining (FSM), an effective technique for the development of frequent items and sequential patterns, is used in finding out the subgraph among a specific atlas [20] . The core of the FSM lies in the subgraph isomorphism testing, widely used in neuroimaging [21] .
In the current study, we aimed to investigate whether significant differences of CNM and FSM between typical yin and typical yang personality individuals exist. Based on the feature of typical yin and typical yang personality individuals, we in general hypothesized typical yin personality individuals may have higher BCi or Ei values in brain regions correlated with emotion processing, while typical yang personality individuals may have higher BCi or Ei values in brain regions related to adapting to a changing environment by exploration, brain regions may in default mode network (DMN). To accomplish this goal, we recruited the typical yin personality individuals (n = 30) and typical yang personality individuals (n = 34) by comparing with the norms of FPPI and then utilized the CNM and FSM to analyze the between-group differences of brain functional networks.
2
Materials and Methods
Participants
All participants were recruited by bulletin advertisements in the Shanxi province of China. The exclusion criteria for this study included subjects having neurological or psychiatric diseases, cognitive disabilities, contraindications to imaging studies, history of substance abuse (i.e., illicit drugs or alcohol), or any other major medical illnesses. Five datasets were removed because the translational parameters were greater than allowable (2.5 mm). Remaining subjects assessed the personality by the FPPI. Then we selected typical yin personality and typical yang personality participants by comparing their FPPI scores with the norms. Finally, 30 typical yin personality subjects and 34 typical yang personality subjects were retained in this study. The subjects provided written informed consent before the study and were reimbursed for their time. Approval for this study was obtained from the Shanxi Medical University Ethics Committee.
Personality assessment
The FPPI consists of 103 "yes" (score = 1) or "no" (score = 0) items. These questions assess personality in terms of five different traits: tai yang, shao yang, yin yang balances, shao yin, and tai yin. In addition, "lie," which includes 8 items, is another personality dimension used to measure the truthfulness of subject responses. If the score on this dimension was ＜5, the questionnaire was regarded as invalid and excluded from the study. The FPPI has shown good reliability, construct validity, and convergent validity with other personality scales [10] .
The typical personality individuals were proposed by Xue, the compiler of the FPPI [9] . Criteria of typical personality individuals are defined as follow: one trait score in FPPI is 1 standard deviation (SD) higher than the norms and the other four traits scores are within ± 0.68 SD. Hence, five types typical personalities are defined.
Then we merged the typical shao yin and typical tai yin individuals into typical yin group (TYI) and the typical shao yang and typical tai yang individuals into typical yang group (TYA). Details on the norm scores of the FPPI can be found in the Supplementary Material.
Data acquisition
All fMRI images were collected on a 3.0T Siemens Trio scanner (Siemens Healthcare GmbH, Erlangen, Germany)
at Shanxi Provincial People's Hospital. The standard eight-channel phase-array head coil was employed, and J o u r n a l P r e -p r o o f image artifacts, such a head motion and scanner noise, were reduced with foam padding and headphones. The images were transversely collected using the echo-planar sequence with the following protocol: 32 slices, TR of 2,500 msec, TE of 40 msec, FA of 90°, matrix of 64 × 64, voxel size of 3 mm × 3 mm × 3 mm, FOV of 240 mm × 240 mm, and 212 volume.
Image pre-processing
The fMRI data were preprocessed with the SPM8 toolset (http://www.fil.ion.ucl.ac.uk/spm). The subjects were instructed to rest with their eyes closed, not to think of anything in particular, and not to fall asleep. Due to signal instability and subject acclimation, the initial 10 volumes were dismissed. For the 202 images that remained, corrections were implemented to account for delays in slices and head movement. The remaining images were normalized with respect to the traditional SPM12 echo-planar image template and resampled to 3 mm cubic voxels.
Next, spatial smoothing was applied (4 mm full width at half maximum [FWHM] Gaussian kernel), and the linear trends were removed from the final images. Lastly, we regressed the cerebrospinal fluid (CSF), white matter, and six head movement parameters.
Computation of functional connectivity networks and CNM
There are many brain templates, such as Brainnettome Atlas, Anatomical parcellation was accomplished with automated anatomical labeling (AAL), Montreal Neurological Institute (MNI) and Talairach atlas [22] [23] [24] [25] [26] .
Considering the wildly used of the AAL template, we applied the AAL to analyze the brain networks. So that we can compare the results with other personality brain mechanism studies easily.
Anatomical parcellation was accomplished with AAL by separating the images into 45 regions of interest (ROI)
for each hemisphere of the brain, which resulted in 90 total ROI. Edges of the network were defined by generating 90 × 90 correlation matrixes and calculating the region-wise Pearson's correlation coefficients. The threshold was set as the sparsity (S), or the ratio of actual existing edges divided by the maximum possible edges in the network.
In this study, threshold space was generated as S∈ (10%, 30%). All of the network analysis was within this threshold space, and the interval was set to 1% throughout the study. We analyzed two nodal metrics including betweenness centrality (BCi), and nodal efficiency (Ei) (the details on the mathematical definitions and interpretations of the network metrics can be found in the Supplementary Material). BCi is a prominent centrality measure expressing importance of a node within a network, in terms of the fraction of shortest paths passing through that node. Ei measures how well information is exchanged over the brain network. Higher scores of Ei represent for the better abilities to exchange information over the brain networks [27] .
FSM
The gSpan algorithm first constructs a new lexicographic order among graphs and maps each graph into a unique minimum depth-first search (DFS) code as its canonical label. Based on the lexicographic order, gSpan utilizes the DFS strategy to efficiently mine frequent connected subgraph patterns. Finally, all subgraphs with nonminimal DFS code are pruned to avoid redundant candidate generations (the details of the algorithm description are shown in Supplementary Material).
Statistical analysis
Between-group differences for demographics, personality characteristics and 180 metrics (90 nodes, 2 metrics per node) were assessed with independent samples T test or chi-square analysis. All of the nodal measures reached the threshold in the range of 0.10 ≤ T ≤ 0.30 (interval = 0.01). The area under the curve (AUC) was calculated for each network metric in order to obtain a summarized scalar for topological characterization that was independent J o u r n a l P r e -p r o o f of the single-threshold selection [28] . Multiple linear regression was performed to remove the influence of sex, age and years of education. The false discovery rate (FDR) was applied to the data for correction [29] using the code developed by Groppe in 2010 with Matlab (MathWorks, Natick, MA, USA). P-values < 0.05 were considered statistically significant.
Results
The between-group differences of demographic and personality characteristics in TYI (n = 30; males = 7) and TYA (n = 34; males = 6) are shown in Table 1 . No significant differences were found in gender ( 2 = 0.318, p = 0.399). Occupation distribution of two personality groups are shown in Table 2 . 80.0% in TYI and 79.4% in TYA are graduate students.
Insert Table 1 and Table 2 about here
CNM
The network constructions of two personality groups were shown in figure 1. Between-group differences in CNM were shown in table 3 and figure 2. Compared with TYI, higher BCi of TYA were found in left precuneus (PCUN) (p = 0.036) and left parahippocampal gyrus (PHG) (p = 0.043). Higher Ei of TYA were found in right inferior temporal gyrus (ITG) (p = 0.036), right inferior parietal supramarginal angular gyrus (IPL) (p = 0.043), and left posterior cingulate gyrus (PCG) (p = 0.043). Compared with TYA, higher BCi of TYI were found in left putamen (PUT) (p = 0.043) and higher Ei of TYI were found in right middle frontal gyrus (MFG) (p = 0.043).
Insert Table 3 , Figure 1 and Figure 2 about here
FSM
We observed that two personality groups had different connectivity patterns in the mined sub-networks. In TYI, connections frequently appeared for the putamen-heschl gyrus (PUT-HES) and putamen-superior temporal gyrus (PUT-STG), while connections frequently appeared in TYA for the precuneus-cuneus (PCUN-CUN) and
precuneus-posterior cingulate gyrus (PCUN-PCG), as shown in Figure 3 .
Insert Figure 3 about here
Integrative results
We compared the network topological properties and frequent sub-networks between TYI and TYA. The integrative results of network topological properties and frequent sub-networks were shown in Figure 4 . The circle segments reflect the CNM results, and the lines in circle reflect the FSM findings.
Insert Figure 4 about here
The correlations between the yin/yang scores and nodal metrics
The correlations between yang scores and nodal metrics were shown in Table 4 . We found that yang scores were positively associated with Ei in IPL.L (p = 0.012), ITG.R (p = 0.005), SPG.L (p = 0.015) and SPG.R(p = 0.015), yin scores were positively correlated with BCi in TPOmid.L (p = 0.028), as shown in Figure 5 .
Insert Table 4 , Figure 5 here
J o u r n a l P r e -p r o o f Discussion
We have shown that the CNM and FSM differences between TYI and TYA were traced in specific regions of the temporal, parietal and frontal cortex. BCi is a prominent centrality measure expressing importance of a node within a network, in terms of the fraction of shortest paths passing through that node. Nodes with high BCi have significant impacts on the spread of information in brain networks [30] . Nodal efficiency measures how well information is exchanged over the brain network. Higher scores of Ei represent for the better abilities to exchange information over the brain networks [27] . The computational formula of the BCi and Ei are different, so these two indicators depict the different aspects in exchanging information. While the higher scores of BCi and Ei, the more important part this node plays in information transfer of brain networks. The typical yang group, which reflects active behaviors, tendency to adapting to the changing surroundings, and sometimes aggressive, and adventurous behaviors, has been found a higher incidence rate of hypertension [31] . Friedman has revealed that type A personality is also positively correlated with hypertension [32] . However, as far as I known, there is no research using fMRI to study type A personality. The typical yang group showed higher BCi and Ei values in PCUN, PCG, IPL, PHG and ITG, brain areas in the default mode network (DMN) [33] [34] [35] . PCG and PCUN, the major regions of the pDMN (posterior DMN), are thought to assist in adapting to a changing environment by exploration [36] ,which is accordance with the feature of yang. ITG and IPL are thought to play an important role in the processing of physical behaviors. For example, a study has revealed that ITG and IPL showed greater responses in hand motion [37] . Thus, we infer that ITG and IPL appear to subserve physical behaviors, aspects commonly associated with yang trait.
The typical yin group, which reflects rich emotions and feelings of individuals, showed higher BCi and Ei values in PUT and MFG. PUT is an important part of basal ganglia and associated with emotion processing.
Recently, a study on functional networks has revealed that positive emotion correlated with BCi values of the putamen [38] . Some studies also revealed a robust positive association between psychoticism of Eysenck Personality Questionnaire (EPQ), a trait similar with yin trait, and BOLD signal in the putamen [39] . Moreover, PUT abnormalities were also present in response to angry and happy faces in bipolar disorder patients [40] . In addition, MFG is implicated in inhibition control and emotional regulation [41] . Herein, we infer that PUT and MFG may subserve the processing and inhibition of rich emotions, a typical feature of yin trait.
However, there are several diff erent regions among the positive results of CNM, FSM and correlation analysis in brain area and yin/yang scores, such as the ACG, FFG, STG and TPOmid. These discrepancies may be due to methodologic diff erences or study limitations. First, due to the limitation of time and funding, we don't acquire the more demographic characteristics of the participants except for the gender, the age, the occupation distribution and the education of the two groups. Second, education years (17.2 in TYI and 17.8 in TYA) of participants in the study were above average. The education background should be considered in the follow-up studies. Third, although yin and yang are two basic factors of FPPI, tai yang, shao yang, yin yang, shao yin and tai yin are five more specific dimensions of FPPI and can reflect richer content in Chinese personality. Our team are going to study the brain mechanism of five typical personality groups according to five dimensions in the later studies.
Forth, the mechanism involved in the differences between TYI and TYA in structural brain networks remains
unknown, yet future studies using diffusion tensor imaging (DTI) may provide new insights.
In summary, the present study uncovered strong differences of brain network topological properties between TYI and TYA, the personality groups based on the commonly utilized FPPI. These results provide a new perspective for our understanding of brain mechanisms of personality in the Chinese culture. J o u r n a l P r e -p r o o f Table 1 . Demographic and personality characteristics differences between two personality groups (n = 64).
Note. TYI: typical yin personality group; TYA: typical yang personality group. 
